ions (3). Evidence for a distal tubular site of potassium secretion has also become available by the use of stopflow techniques (I, I 6, 28, 34, 40, 41) , and by catheterization of individual collecting ducts (I 4). On the basis of clearance experiments, Berliner et al. (3) have suggested that even under the normal condition of extensive net reabsorption, urinary potassium is derived from distal tubular secretion, implying that tubular reabsorption is virtually complete in the proximal tubular system. This view is based, essentially, on the demonstration that potassium excretion can be independent of the filtered amount of this ion.
The situation is somewhat complicated by other experimental results, which indicate that the distal nephron may also be the site of significant net reabsorption. In particular, a number of observations obtained by stopflow techniques suggest such a possibility (I, 34, 40) , and it has also been shown that the potassium concentration in the final urine may fall below that of plasma (I 9 for at least 3 weeks prior to the experiment. During the experiment both of these groups received an intravenous infusion of isotonic saline at rates ranging from I-.2 to 3.0 ml/hr.
A third group of rats was kept on the above described control diet and received, at the time of the experiment, a priming dose of IO mg/kg body weight of dichlorphenamide.
During the experiment, this compound was administered in isotonic saline at a rate of 15 mg/kg hr. Saline was infused at the same rate as in control and low-K animals.
In a fourth group of rats, maximal potassium excretion was induced by maintaining the animals on a commercial low sodium diet (46) to which 6 % KC1 was added. A solution containing 75 mEq/liter of KC1 replaced drinking water. Furthermore, during the experiment, these animals received a sustaining infusion containing 2 X hypertonic sodium sulfate and isotonic potassium chloride. The latter was given at a rate of 3.0 ml/hr and contained IO mg/kg of dichlorphenamide. This regime was followed since it is well established that ingestion of a high oral potassium load (4), the administration of a poorly permeant anion in the sodium deficient state (32), and the inhibition of carbonic anhydrase (5) all lead to greatly enhanced urinary potassium loss.
K and Na by macro-and microflame photometry All tubular fluid samples were transferred after collection to small glass cups filled with mineral oil. These cups had previously been coated with Desicote (Beckman) to provide a water-repellent surface. Since over a period of I 2 hr, we had occasionally observed an increase in potassium concentration using nonequilibrated mineral oil, all measurements were done within a few hours after the experiment using mineral oil which had been equilibrated with water (6). The site of tubular puncture was located by injection of "latex injection compound"
(Turtox, General Biological Supply House, Inc., Chicago 20, Ill.), diluted I :4 with water to which I % of Aquarex D (Du Pont de Nemours and Co., Wilmington, Del.) was added. The kidney was macerated in 50 % HCl for 4 hr at room temperature, and the site of puncture estimated by microdissection. Transtubular electrical potential differences were measured in rats maintained on the described diets and infusion regimes, using Ling-Gerard type of glass microelectrodes.
They were filled at room temperature, by (20) and others (21, 38, 46) . Plasma potassium concentrations ranged from 2.85 to 5.40 mEq/liter (mean: 4.25 mEq/liter).
In the proximal tubule, potassium TF/P ratios ranged from 0.69 to 0.91, in the distal tubule corresponding values ranged from o. I g to 6. I 7. On the upper part of Fig. 3 , potassium TF/P ratios are plotted on a logarithmic scale as a function of tubular length in the control group. It is evident that for the proximal tubule these ratios were consistently below unity, and that there is no apparent correlation between the transtubular gradient for potassium and the site from which these samples were obtained.
The mean ratio, 0.81 rt 0.017
is significantly less than unity (P < 0.01).
Several groups of investigators have observed TF/P ratios of close to unity or less (6, I 7, 2 I, 22 By the the tubular fluid has reached the distal convolution, about go% of the filtered potassium has been reabsorbed. In the absence of micropuncture data from the intervening tubular segment, the origin of this amount of potassium, equivalent to 10 % of the filtered 1 .oad, cannot be ascertained. This moiety could either have escaped reabsorption, or, after complete reabsorption of the filtered load, could have been secreted, presumably by the ascending limb of Henle's loop. The regression line of distal tubular ratios shows a negative slope. The correlation coefficient, however, was -0.33, not significantly different from
It can be easily calculated that, given the extent of tubular potassium reabsorption as shown in Fig. 3 The decline of potassium/inulin TF/P ratios along the distal nephron suggests the possibility of continued reabsorption of potassium along the distal tubule and, particularly, along the collecting ducts. Accordingly, it appears safe to conclude that no potassium secretion occurs under these experimental conditions along the accessible parts of the distal tubule and the collecting ducts. The data obtained from rats during dichlorphenamide administration are given in Fig. 5 . The mean proximal ratio was 0.97 * 0.07 (SE) not significantly different from unity. A definite increase of these ratios is noted toward the middle and end of the distal tubule.
In the lower part of Fig. 5 Table 5 and Fig. 6 . The mean GFR in this group of animals was 4.14 ml/kg min. The degree of diuresis is indicated by low proximal, distal, and urine inulin concentration ratios (mean U/P : 2 I ). Plasma potassium concentrations ranged from 5.40 to 8.20 mEq/liter (mean: 6.59 mEq/ liter). The mean proximal potassium TF/P ratio was 0.78 =I= 0.033 (SE) significantly less than unity (P < 0.01). Again, even under these conditions of significant potassium secretion (mean potassium/inulin clearance ratio : . I .5 I ), extensive proximal potassium reabsorption is evident, and must continue along Henle's loop as evidenced from early distal concentration ratios as low as 0.25. Potassium concentration ratios increase steeply (Fig. 6 Table 6 . No correlation between the magnitude of the potential differences and site along either proximal or distal tubular segments could be observed. Our values in the control group are quite similar to those reported by other authors (2, 6, g, 3o)e
The groups of animals receiving sulfate infusions showed proximal transtubular potential differences slightly but significantly, higher than those of the other three groups (P < 0.01).
The most striking comparisons, however, are to be made on distal transtubular potential differences.
Here, the differences between values obtained in the group of rats maintained on the control diet and the other groups are highly significant (P < 0.001). Of particular interest is the large increase in the transtubular potential gradient in the potassium-loaded, sulfate-infused animals.
DISCUSSION
The data presented clearly demonstrate that the widely divergent excretion patterns for potassium which have been observed are the result of a rather fixed reabsorptive activity located within the proximal tubule and Henle's loop, and a greatly varying secretory or reabsorptive component in the more terminal parts of the nephron. In this respect, our results are in general agreement with views previously expressed by Gilman and Berliner (3), who postulated that the filtered potassium is largely reabsorbed and that the urinary excretion pattern is, essentially , determined by distal tubular secretory activity.
Potassium reabsorption has been shown in our study to be extensive in all groups of rats studied. Regardless of the differing metabolic situations which lead to a wide range of excretion rates (mean values from 3 to I 50 % of the filtered load), about 70% of the filtered potassium appears to have been reabsorbed by the end of the proximal convoluted tubule, increasing to some go% by the time the tubular fluid reaches the early part of the distal tubule. The greater part of potassium is thus absorbed in the proximal tubule. This tubular segment is apparently since the changes in potassium concentration can be accounted for by water reabsorption. We would also like to stress that our data do not provide clear-cut evidence for reabsorptive net movement of potassium under these conditions, and our results are probably best interpreted as an absence of potassium secretion along the distal tubule under conditions of low potassium intake. In a recent publication by Marsh et al. (22) , potassium TF/P ratios below unity were found along the distal convolution, and interpreted to indicate absence of potassium secretion. Although the exact evaluation of distal tubular potassium movement is difficult in the absence of simultaneously measured inulin concentration ratios and final urine potassium/ inulin clearance ratios, it is possible that the dietary potassium intake was low and favored over-all potassium retention.
This interpretation is likely, since a mean potassium U/P ratio of about 7 was observed in a similar group of rats (Marsh, personal communication), a value which falls into the range of our low-K animals.
As far as the collecting duct epithelium is concerned, reabsorption from this tubular segment is evident in K-depleted animals, as demonstrated by the significant fall of potassium/inulin TF/P concentration ratios. Little is known about the nature of this reabsorptive Such a reduction of the transtubular potential difference would favor loss of potassium from the collecting duct system. Second, it is also likely that a concentration gradient favoring outward movement of potassium from the collecting duct exists. This gradient exists due to the progressive concentration of collecting duct fluid as contrasted to the absence of a corticopapillary gradient for potassium ions (37). However, it is obvious that an exact evaluation of the nature of the transfer of potassium across the epithelium of the collecting duct must await a more precise knowledge of the electrochemical potential gradient between collecting duct lumen and vasa recta plasma water.
While secretion could not be demonstrated in rats on a low-potassium diet, it was present to differing degrees in the other three groups of animals studied. It is likely that our control animals, showing a considerable range of fractional potassium excretion (see Fig. 2 , range: 5-29 %), represent a transitional state where potassium secretion can be shown in most, but not all animals.
The situation subsequent to the administration of dichlorphenamide, a carbonic anhydrase inhibitor, is characterized by a number of significant differences when compared to distal tubular potassium in control animals. First, in spite of a reduction in GFR the amount of potassium entering the distal tubule exceeds that of the control group. Thus, a mean of 5.5 % of the filtered potassium is present at 20 % distal tubular length in control animals, while some I 2 % of the filtered potassium is present at the same location in the dichlorphenamidetreated animals. This increment must be related to the significant diuretic effect as demonstrated by the depression of water and potassium reabsorption along the proximal nephron. Water reabsorption is also reduced along the distal convoluted tubule, as indicated by lower peak TF/P ratios of inulin at the end of this tubular segment. A second observation concerns the increased electrical potential difference across the distal tubular epithelium.
The mechanism of this augmentation is presently unknown. The influence of this higher electrical potential gradient would be to enhance the entry of potassium into the distal tubular lumen. Such enhancement could be either the result of restraining back diffusion of potassium out of the lumen subsequent to its entry by active transport, or an enhancement of the passive influx of this ion. Although the slope of the regression line relating potassium/inulin TF/P ratios to distal tubular length is not significantly different from that of control animals (0.75 > P > 0.50), it should be appreciated that in the diuretic state of these animals, these concentration ratios are accomplished at higher flow rates of tubular fluid and that, although the distal tubular potassium concentrations do not exceed those of control animals, potassium is added to a larger volume of fluid as evidenced by the lower inulin TF/P ratios at the end of the distal tubule. Thus, a larger absolute amount of potassium is secreted by this tubular segment. One final point concerns an important difference in the handling of potassium by the collecting duct. In the control group, the collecting duct, as judged by comparison of potassium/inulin U/P and late distal TF/P ratios, shows a variable behavior.
In most instances the amount of potassium entering the collecting ducts is left unchanged, or some of the potassium entering the collecting duct is reabsorbed.
In the dichlorphenamide-treated animals, on the other hand, most of the potassium/inulin U/P ratios exceed TF/P values at the end of the distal tubule (see Fig. 5 ). This is demonstrated by the fact that none of the late distal tubular potassium/inulin TF/P ratios exceed is at present widely held to account for distal tubular potassium transfer and supported by a large body of indirect evidence (3-5, 27,32) . According to this view potassium and hydrogen ions are secreted into the distal tubular lumen in exchange for tubular sodium.
Since the moiety of sodium which normally reaches the distal tubule is manyfold greater than the amount of potassium secreted, obviously only a fraction of distal tubular sodium could take part in such an exchange mechanism. Nevertheless, a significant enbY the passive net transfer into the lumen along the electrochemical potential gradient would swamp such reabsorptive movement.
Such a mechanism would also account for the observation that intratubular potassium concentrations are below the expected equilibrium values, and 
